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(57) ABSTRACT

A method of cancer intervention or eradication by adminis-
tering an effective amount of an endogenous ligand for the
aryl hydrocarbon (Ah) receptor (AhR) named ITE or one of
its analogs (the active ingredient) to a subject with cancer is
disclosed. An effective dose and dosing frequency of the
active ingredient are determined by measuring its blood levels
of the subject after dosing. The active ingredient formulated
with a carrier system is applied topically, enterally, or
parenterally to the subject. The formulated drug can also be
administered together with one or more of other cancer thera-
peutic agents. A maintenance dosing is provided after the
subject is free of cancer to insure the cancer eradication.
Subjects with cancers of prostate, liver, lung, ovarian, and
breast are preferably accepted for treatment.
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1
ITE FOR CANCER INTERVENTION AND
ERADICATION

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional application of, and claims
priority of, U.S. application Ser. No. 13/503,657, now
allowed, filed Apr. 24, 2012, which claims priority to Inter-
national Application No. PCT/US2010/052729, filed Oct. 14,
2010, which claims priority to U.S. provisional application
61/257,422, filed Nov. 2, 2009, now abandoned, the entire
disclosures of which are incorporated herein by this reference
in their entirety.

TECHNICAL FIELD

Cancer Therapy; Cancer Treatment; Cancer Intervention;
Cancer Fradication; Cancer Biology; Oncology; Therapeu-
tics; Pharmaceuticals; Biopharmaceuticals.

BACKGROUND ART

The aryl hydrocarbon (Ah) receptor (AhR) is a ligand
inducible transcription factor, a member of a so-called basic
helix-loop-helix/Per-Arnt-Sim  (bHLH/PAS) superfamily.
Upon binding to its ligand, AhR mediates or interacts with a
series of biological processes as well as some adverse effects
including cell division, apoptosis (programmed cell death),
cell differentiation, actions of estrogen and androgen, adipose
differentiation, hypothalamus actions, angiogenesis, immune
system stimulation or suppression, teratogenicity, tumorige-
nicity, tumor initiation, tumor promotion, tumor progression,
chloracne, wasting syndrome, and actions of other hormonal
systems beside the expression of genes of P450 family and
others!!***%78] The liganded receptor participates in bio-
logical processes through translocation from cytoplasm into
nucleus, heterodimerization with another factor named Ah
receptor nuclear translocator, attachment of the heterodimer
to the regulatory region termed Ah response element of genes
under AhR regulation, and then either enhancement or inhi-
bition of transcription of those genes.

The AhR happens to be able to bind, with different affini-
ties, to several groups of exogenous chemicals (thus artificial
ligands) such as polycyclic aromatic hydrocarbons exempli-
fied by 3-methylchoranthrene (3-MC) and halogenated aro-
matic hydrocarbons typified by 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD). The receptor system has been studied so
far with its artificial ligands. While studies with those AhR
artificial ligands helped in advancing our understanding
toward the receptor system, thorough elucidation of the
physiological roles the system plays and the potential thera-
peutic benefits the system may offer are impossible without
identification of the AhR physiological ligand. As the first
step toward this goal, an endogenous ligand for the receptor
has been identified. The endogenous ligand, or physiological
ligand, or natural hormone, for the AhR was identified as
2-(1'H-indole-3'-carbonylythiazole-4-carboxylic acid
methyl ester (short for ITE)-17,

Even though most of the artificial ligands for AhR are
environmental toxins!***! and thus cannot be used as thera-
peutic agents, for the purpose of understanding functions of
liganded AhR, its artificial ligands such as TCDD, 6-methyl-
1,3,8-trichlorodibenzofuran (6-MCDF), 8-methyl-1,3,6-
trichlorodibenzofuran (8-MCDF), and those derived from
indole or tryptophan were used to reveal that the liganded
AhR was able to inhibit the metastasis of prostate tumors in a

10

15

20

25

30

35

40

45

50

55

60

65

2

strain of transgenic mice!'!! and the growth of carcinogen
induced rat mammary tumorst!3'#], human breast tumor
cell xenografts™>-'®), and tumors caused by gene
mutations! 71,

As a natural ligand for AhR, I'TE is an excellent agent in
targeting precisely and specifically the receptor. The conse-
quence of the targeting, however, is unpredictable from what
we have learned so far from the behaviors of those artificial
ligands for AhR, with some results showing anitcancer poten-
tials!2!31#%15:16] while others tumor initiation, promotion,
and progressiont®18:1929211 From the fact that it is antian-
giogentic, ITE might be useful in cancer therapy!”’. The prop-
erty of antiangiogenesis alone, however, will not automati-
cally qualify ITE as an effective anticancer agent. There are
countless examples proving the point*>**2*231 Many antia-
giogenic agents failed to perform as therapeutic agents®?!
and lots of others even accelerated tumor invasion and
metastasis'?®”! due probably to the stress produced by the
agents: limited supply of oxygen and nutrients to the tumors.
The antiangiogenic therapy is actually a concern since it may
even reduce overall survival, the golden standard for cancer
therapy, due to possibly an accelerated metastasis'**). From
the anticancer property of liganded AhR revealed by its arti-
ficial ligands!?'31%13:19] there is no guarantee that ITE,
once bound to the same receptor, may also be able to do even
partially what these artificial ligands could do without men-
tioning the fact that most of those artificial ligands or their
metabolites may be highly toxic to those cancer cells being
tested. In that sense, those artificial ligands or their metabo-
lites may merely serve as non-discriminative cytotoxic
agents, killing cancer cells, not even the results of targeting
the Ah receptor.

In addition, a critical factor determines what a liganded
receptor will do is the final three dimensional (3D) structure
the liganded receptor assumes since it is the 3D structure that
dictates how many different cellular factors the liganded
receptor will interact with and how these interactions should
be carried out to conduct the processes of life. The final 3D
structure the liganded receptor assumes is, in turn, solely
shaped by the 3D structure of the ligand for the receptor in a
given biological system. That is the fundamental basis
explaining why the 3D structure of a ligand is so crucial in
directing its receptor mediated biological and pharmacologi-
cal processes. Furthermore, ligands with different structures
metabolize differently and their different metabolites will
certainly interfere with the biological processes differentially.
It is obvious, therefore, that ligands with different 3D struc-
tures could then certainly lead to completely different bio-
logical consequences even if they can bind to the same recep-
tor.

The validity of the point can be easily established through
theoretic reasoning above and of course through illustration
of literature data also. For example, even though both TCDD
and 6-formylindolo[3,2-b]carbazole (FICZ) are high affinity
ligands for AhR, TCDD is found to stimulate Treg cell dif-
ferentiation, thus suppressing the immune system, while
FICZ promote Th17 cell differentiation, then stimulating the
immune system!*®]. In another example, both TCDD and ITE
are high affinity ligands for AhR but while TCDD induced
cleft palate, hydronephrosis, and thymic atrophy, ITE did not
do any of these®), More examples can be easily found in the
literature%31:32:33:341 Tt ig_therefore, not obvious at all that
ITE will be a good anticancer agent from those studies with
artificial ligands for AhR to show their anticancer
propertytt 13113161 ¢ even the study with ITE to prove its
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antiagiogenic property!”! without an extensive research pro-
gram with different experimental models and systems to find
out a clear answer.

The situation prompted us to investigate whether ITE or
one of its structural analogs could be used efficaciously and
safely in treating or eradicating cancer. The present invention
fully discloses a method of using the newly discovered
endogenous Ah receptor ligand ITE or one of its structural
analogs as an therapeutic agent in cancer intervention or
eradication.

SUMMARY OF INVENTION
Technical Problem

There are two serious problems with current cancer thera-
pies in the market. The first is severe side effects and toxicity.
The second is very limited efficacy. Consequently, cancer is
still the second leading cause of death in the United States and
areas of the world.

The majority of current therapeutic agents for cancer, in
both cytotoxic and noncytotoxic categories, are chemicals
foreign to the human body. As a result, the body tries
extremely hard to get rid of them using whatever metabolic
ways available. Since our body does not have a natural and
safe way of metabolizing those foreign chemicals, some non-
specific oxidation reactions then are used as major means of
metabolism. The consequence is that the elimination pro-
cesses unavoidably generate a lot of chemically active inter-
mediates or radicals, which will assault also normal cellular
substances including, but not limited to, that of immune sys-
tem’s in the body, leading to serious side effects, toxicity, and
weakened immune system. Since most of these agents were
designed by humans, not the nature, they have very high
chances to bind to and interact with other cellular factors
(including, but not limited to, receptors, enzymes, other pro-
teins) than their expected targets in the body. These “off-
target” bindings and interactions account for significant
opportunities for side effects.

The effectiveness of cytotoxic agents for cancer therapy is
mainly limited by their indiscriminate toxicity to normal cells
and tissues including, but not limited to, that of immune
system’s. The weakened immune system, as expected, makes
it impossible to launch an organized assault on cancer cells.
The efficacy of noncytotoxic agents, which target specific
functions important for the survival of cancer cells, is limited
by their single mechanism based strategy. An important hall-
mark of cancer, however, is their constant genetic changes or
mutations. Once a cancer cell changes into a state that it is no
longer dependent on a specific function a therapeutic agent
targets for survival, the efficacy of the agent will then be lost
immediately.

Solution to Problem

The situation thus calls for the emergence of a novel thera-
peutic agent that can assault cancers with multiple combating
capabilities for sustained potency, help immune system at the
same time to organize an orchestrated attack on cancers and
clean up individual cancer cells for a possible cancer eradi-
cation, and limit the chance of “off-target” interaction and
metabolize itself safely for low side effect(s). The newly
discovered Ah receptor endogenous ligand ITE or one of its
structural analogs is capable of satisfying the stringent
requirements set forth.

Advantageous Effects of Invention

The most important advantage of the present invention is
ITE’s or one of'its structural analogs’ multiple cancer assault-
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ing capabilities to defy the consequence of cancer cells’ con-
stant genetic changes. ITE has been demonstrated to inhibit
angiogenesis!”). In literature, the Ah receptor (AhR) liganded
with its artificial ligands (not ITE) was shown (possible nega-
tive effects of those artificial ligands are ignored here for the
moment) to be able to inhibit cell division®>2%*7], promote
programmed cell death (apoptosis)i*#22*°1 induce cell dif-
ferentiation™"*>*3] and block actions of estrogen!®**! and
androgen[**%), Recently, AhR liganded with artificial
ligands (not ITE) has been demonstrated to be able to induce
the differentiation of immune T cells?®®**”), useful for the
immune system in organizing assault on pathogens and can-
cers. If ITE, or one of its structural analogs, when bound to
AhR, can also have one or more of the functions mentioned
plus its antiangiogenic property, the multiple cancer assault-
ing capabilities may make its cancer therapeutic potency
sustainable. The sustainability of the potency of ITE orone of
its analogs plus its potential ability of stimulating the immune
system would not only enhance dramatically the efficacy of
the cancer therapy but also make cancer eradication a possi-
bility. The data presented in Drawings and Examples clearly
verify the theoretical analysis above.

A huge benefit of using ITE over others in the market is its
possibility of low side effect(s) beside its sustainable efficacy
backed by its multiple cancer assaulting capabilities. Con-
trary to those chemicals, including those AhR artificial
ligands and the agents used in current cancer therapies, for-
eign to human body and designed by humans, ITE is a natural
hormone designed by the nature and so the nature may have
designed and implemented a natural and safe way for its
metabolism. Its metabolic process thus will cause less or even
no problem to the body. This means that it may be low in side
effect(s) caused by its metabolism. Another important reason
for possible low side effect is that the binding of the natural
hormone to its receptor (AhR) is very specific and precise
since it is designed by the nature, not humans. The natural
hormone ITE, other than those human designed chemicals,
will then have low chance of binding to and interact with other
cellular factors to provoke “off-target” problems, important
opportunities for side effects. The experimental data
described in Drawings and Examples suppot the point.

Another important issue in cancer therapy is that it is highly
desirable for a therapeutic agent specifically working in can-
cer cells instead of normal cells to enhance its potency and
reduce side effects. This type of specificity can be achieved if
there are more target molecules the agent binds in cancer cells
than in normal cells. The target molecule for ITE and its
analogs is AhR. In the literature, the AhR was reported to be
highly concentrated in pancreatic cancer tissues from patients
but very diluted in all normal pancreatic tissues examined!*®).
Similarly, the concentrated AhR is also documented with
prostate cancer!*->°! and gastric cancer®'!. This means that
the therapeutic specificity of ITE and its structural analogs
could be achieved in these reported types of cancers at least.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the growth inhibition of human cancer cell
line LNCap xenografts in response to doses, routes, and
schedules of ITE administration, wherein FIG. 1A shows the
degrees of growth inhibition of LNCaP xenografts (mean+
SEM, n=8) in response to ITE doses of 0 (vehicle, DMSO),
0.1,1,10,20, and 40 mg/kg b.w. (i.p. injection, every 12 hours
for 28 continuous days), and wherein FIG. 1B shows the low
toxicity response of the xenograft-bearing mice to the treat-
ment judged by their body weight changes (mean+SEM,
n=8), and wherein FIG. 1C shows PK (Pharmacokinetic)
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profiles of ITE administered (single dosing) i.v., i.p., and p.o.
with vehicles used, dosing levels, and AUC’s (Area under
Curves) as indicated, and wherein FIG. 1D shows the inhibi-
tion of LNCaP xenograft growth by ITE at different doses (40
or 80 mg/kg b.w.), schedules (once or twice daily), and routes
(i.p. or p.o.) of administration as specified.

FIG. 2 shows ITE (diamond) or ITK (one of ITE structural
analogs, square) efficacy in inhibiting the growth of
xenografts of human prostate (LNCaP), liver (HepG2), ova-
rian (OVCAR-3), and breast (MCF-7) cancer cell lines (i.p.
once daily), wherein FIG. 2A shows inhibition of LNCaP
xenograft growth by ITE or ITK at 20 mg/kg for the both, and
wherein FIG. 2B shows growth inhibition of HepG2
xenografts by ITE or ITK at 80 mg/kg for the both, and
wherein FIG. 2C shows ITE or ITK inhibiting OVCAR-3
xenograft growth at a dose of 80 mg/kg for the both, and
wherein FIG. 2D shows a growth inhibition of MCF-7
xenografts by ITE at a dose of 20 mg/kg.

FIG. 3 shows cancer inhibition and eradication by I'TE (i.p.
once daily) in a syngeneic murine Lewis lung cancer (LLC)
model, wherein FIG. 3A shows aggressive growth of LL.C
tumors and ITE inhibition of tumor growth at a dose of 20
mg/kg, and wherein FIG. 3B shows a better inhibition of LL.C
tumor growth by ITE at 80 mg/kg (i.p. once daily) so that a
treatment program of 28 days plus one more week of post
injection observation could be finished, and wherein FIG. 3C
shows one mouse (No. 33, diamond) from the ITE group
(square) initiating its tumor shrinkage upon the start of the
treatment phase, becoming tumor-free at day 13 in the treat-
ment, keeping the tumor-free status during the rest of the
treatment phase, and being still tumor-free in an entire one
month of the observation phase, and wherein FIG. 3D shows
body weight changes of the mouse No. 33 (diamond) together
with that of ITE (square) and vehicle control (circle) groups.

DESCRIPTION OF EMBODIMENTS

All technical and scientific terms used herein are the same
as those commonly used by one of ordinary skill in the art to
which the present invention pertains unless defined specifi-
cally otherwise. It is understood that other materials and
methods similar or equivalent to those described herein can
also be used in the practice or in the testing of the present
invention but only preferred materials and methods are
described below.

The present invention is a method of cancer intervention or
eradication with an endogenous aryl hydrocarbon (Ah) recep-
tor (AhR) ligand ITE or one of its structural analogs. ITE or
one of its analogs (the active ingredient) can be formulated
with one or more pharmaceutically acceptable carrier(s) (the
carrier system). The carrier system is consisted of inert mate-
rials useful for administering the active ingredient, preferably
sterile and nontoxic. The carrier system should be compatible
with the active ingredient and can be in a form of solid, liquid,
or gas. The properly formulated active ingredient can then be
administered topically, enterally, or parenterally to a subject
with cancer. It can be provided, for example, in a form of
cream, capsules, tablets, lozenges, or injectables. Other com-
patible ingredients such as preservatives, if needed, could be
co-formulated with the active ingredient.

In a preferred intervention program, subjects with cancers
of prostate, liver, lung, ovarian, and breast are preferably
accepted for treatment with ITE or one of its structural ana-
logs. This is by no mean to limit the therapeutic scope, how-
ever. Given the multiple cancer assaulting capabilities that
ITE and one of its analogs possesses plus the possibility of
stimulation of a subject’s immune system to attack cancers
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and clean up individual cancer cells for possible cancer eradi-
cation, the therapeutic scope is envisioned to be expanded
quickly in future trials.

In the preferred intervention program, the effective dose
range of ITE or one of its structural analogs is determined by
measuring the subject’s blood concentration of ITE or one of
its structural analogs under a specified dosing regimen to
establish a concentration-time profile, consulting with an
established correlation between the similar concentration-
time profiles and effects on cancer inhibition or eradication,
which built during a trail or trials as that illustrated in
Examples, and balancing the therapeutic effects achievable
with the possible toxicity to the subject and health condition
or physical durability of the subject. The dosing frequency of
ITE or one of its structural analogs is decided similarly as
described for the determination of a dose range above. Cur-
rently, once a day administration either enterally or parenter-
ally is proposed as preferable with ITE. The dosing will be
continued until the subject is free from the cancer. It is pref-
erable to provide a maintenance dosing, whose duration is
directed by a trial or trials, after the subject is free of cancer to
insure its complete elimination or eradication.

In another preferred intervention program, ITE or one of'its
structural analogs may be administered in combination with
one or more of other cancer therapeutic agents, preferably
aiming different therapeutic targets other than AhR. I'TE or
one of its structural analogs can be formulated either inde-
pendently from or together with one or more of the other said
agents. [TE or one of its structural analogs can be adminis-
tered either at the same schedule with or different from that of
one or more of the other said agents. The proportioning of ITE
or one of its structural analogs to one or more of the other
cancer therapeutic agents will be directed by a well designed
trial or trials. Combining the therapy of ITE or one of its
analogs with one or more of the other cancer therapeutic
agents, may further enhance the efficacy. There are lots of
examples to show the benefits of combination therapy.

In those preferred intervention programs, the active ingre-
dient is the aryl hydrocarbon (Ah) receptor (AhR) endog-
enous ligand ITE with the following structural formula
(Structural Formula 1):

Structural Formula 1

In those preferred intervention programs, the active ingre-
dient can be selected from two especially useful structural
analogs of ITE. The said two analogs are envisioned to
increase their stability and then extend their half-life in the
subjects’ systems since either a ketone or thiol ester func-
tional group replaces the normal (oxygen) ester, targeted eas-
ily by numerous esterases in biological systems, in the struc-
ture of ITE. The extended half-life may translate into higher
efficacy and/or longer duration of potency in cancer interven-
tion. The ketone analog (thus termed ITK) of ITE is of the
following structural formula (Structural Formula 2):
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Structural Formula 2

CH;

Whereas the structural formula of the thiol (S, sulfur) ester
analog (thus termed ITSE) of ITE is as follows (Structural
Formula 3):

Structural Formula 3

In those preferred intervention programs, the active ingre-
dient can be further selected from the other structural analogs
of ITE, specified by the following structural formula (Struc-
tural Formula 4):

Structural Formula 4

wherein

X and Y, independently, can be either O (oxygen) or S
(sulfur);

R, can be selected from hydrogen, halo, cyano, formyl,
alkyl, haloalkyl, alkenyl, alkynyl, alkanoyl, haloalkanoyl, or
a nitrogen protective group;

R, R,, R;, R, and R can be independently selected from
hydrogen, halo, hydroxy (—OH), thiol (—SH), cyano
(—CN), formyl (—CHO), alkyl, haloalkyl, alkenyl, alkynyl,
amino, nitro (—NO,), alkoxy, haloalkoxy, thioalkoxy,
alkanoyl, haloalkanoyl, or carbonyloxy;

R4 and R, can be independently selected from hydrogen,
halo, hydroxy, thiol, cyano, formyl, alkyl, haloalkyl, alkenyl,
alkynyl, amino, nitro, alkoxy, haloalkoxy, or thioalkoxy; or
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R¢ and R, independently, can be:
(€]
|
—O0—C—Rg

wherein Ry can be selected from hydrogen, halo, cyano,
alkyl, haloalkyl, alkenyl, or alkynyl; or
R, and R, independently, can be:

e}

—C—0—R,

wherein Ry can be selected from hydrogen, halo, alkyl,
haloalkyl, alkenyl, or alkynyl; or

e}

—C—Ryp

R¢ and R, independently, can be:

wherein R, can be selected from hydrogen, halo, hydroxy,
thiol, cyano, alkyl, haloalkyl, alkenyl, alkynyl, amino, nitro;
or

R¢ and R, independently, can also be:

OH

—CH—Ry,

wherein R, can be selected from hydrogen, halo, alkyl,
haloalkyl, alkenyl, or alkynyl.

EXAMPLES

Examples from preclinical animal studies will further help
the embodiment of the present invention. Use of ITE in inhi-
bition of human prostate cancer growth (Example 1), use of
ITE or ITK (one of ITE analogs) in inhibiting the growth of
more human cancer types (Example 2), use of ITE in possible
cancer eradication (Example 3), and ITE toxicity monitoring
(Example 4) will be demonstrated.

Example 1

Materials

Male BALB/c nude mice (Mus musculus), 6 to 8 weeks of
age, were individually marked by ear coding. The animals
were kept in laminar flow rooms at a constant temperature of
2010 26° C. and humidity of 40 to 70% with 1 animal in each
polycarbonate cage (300 mmx180 mmx150 mm). The bed-
ding material was corn cob, which was changed twice weekly.
Animals had free access to sterile dry granule food and sterile
drinking water during the entire study.

ITE was synthesized by KNC Laboratories Co., Ltd. (To-
kyo, Japan). The lot number of the compound is 086-009-2-1
(as lot No.: AHR-001 for AhR Pharmaceuticals). The DMSO
(Cat. No.: 0231-500ML) was manufactured by AMRESCO
(Solon, Ohio, USA). The Labrasol was purchased from Gat-
tefosse (Saint-Priest, France) and the PEG 400 was supplied
by Sigma (St. Louise, Mo., USA).



US 9,238,645 B2

Methods
Efficacy Studies

All the procedures related to animal handling, care, and the
treatment in the study were performed following guidelines
approved by an Institutional Animal Care and Use Committee
(IACUC) of Crown Bioscience, Inc. (Santa Clara, Calif.,
USA, a contract research organization we hired) based on the
guidance of the Association for Assessment and Accredita-
tion of Laboratory Animal Care (AAALAC). Animals were
checked for any effects of tumor growth and drug treatment
on normal behavior such as mobility, food and water con-
sumption, body weight gain/loss (gross body weights were
measured twice weekly), eye/hair matting, and any other
abnormal effect. Death and observed clinical signs were
recorded on the basis of the number of animals within each
group. Individual animals with a tumor volume exceeding
3000 mm® or animals of a group with a mean tumor volume
exceeding 2,000 mm? were euthanized. In addition, animals
showing signs of severe distress and/or pain, dropping body
weight more than 20% from that at the start of treatment, or
losing the capability of accessing adequate food or water were
humanely sacrificed.

The human prostate cancer cell line LNCaP (ATCC,
American Type Culture Collection, Manassas, Va., USA)
were maintained in vitro as monolayer culture in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin, 100 pg/ml streptomycin, and 2 mM
L-glutamine at 37° C. in an atmosphere of 5% CO, in air. The
tumor cells were routinely subcultured twice a week. The
cells growing in an exponential phase were harvested and
counted for tumor inoculation.

Each mouse was inoculated subcutaneously at the right
flank with the LNCaP cells (1x107) in 0.1 m1 of PBS for tumor
development. When a mean tumor volume reached around
150 mm?, the tumor-bearing mice were divided into homo-
geneous blocks based on their tumor volumes followed by a
randomization of mice in each block into treatment groups
(thus minimizing variations in tumor response to treatments
due to the differential in initial mean tumor volumes). Each
treatment group was consisted of 8 tumor-bearing mice.
Vehicle (DMSO) or I'TE in the vehicle at specified doses were
administered to the mice by eitheri.p. (intraperitoneal) or p.o.
(oral) injection once or twice daily for 28 continuous days as
indicated.

Tumor volume was measured twice weekly in two dimen-
sions using a caliper and the volume was calculated with a
formula of: V=0.5 axb?, where a and b are the long and short
diameter (in mm) of a tumor, respectively. The tumor volume
was then used for calculations of both TGI (Tumor Growth
Inhibition) and TGD (Tumor Growth Delay). The TGI was
determined by: TGI=AT/ACx100%, where AT was a difter-
ence between the mean tumor volume at a specified day of
observation and that at the day treatment starts (day 1) for a
drug treated group whereas AC was the same difference mea-
sured for the control group. The TGD was calculated as:
TGD=T-C, where T was the time (in days) required for
tumors in a drug treated group to reach a predetermined mean
tumor volume and C the time (in days) in the control group to
reach the same volume. A tumor weight was derived by equat-
ing 1,000 mm® in volume to 1,000 mg in weight. A net body
weight was then derived by subtracting a tumor weight from
a corresponding gross body weight with the tumor.

Summary statistics, including mean and the standard error
of the mean (SEM), are provided for the tumor volume of
each group at each time point. Statistical analysis of differ-
ence in tumor volume among groups was conducted on a data
set either at the best therapeutic time point or at the final
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dosing day as indicated. The tumor volume data were log-
transformed and evaluated using a one-way ANOVA fol-
lowed by Tukey’s test when significance was observed. All
data were analyzed using SPSS 16.0 and p<0.05 was consid-
ered to be statistically significant.
PK Studies

Male nude mice were also used in PK (pharmacokinetic)
studies. For i.v. injection, ITE at 1 mg/kg b.w. was adminis-
tered with DMSO as vehicle via tail vein. For i.p. Injection,
ITE at 10, 40, and 80 mg/kg b.w. was delivered with DMSO
via lower left abdominal quadrant. In p.o. injection, ITE at 40
and 80 mg/kg b.w. were administered with a vehicle of Labra-
sol:PEG 400 (2:8, v/v) via oral gavage. Every 15 mice were
given a single injection at each dosing level and every 3 ofthe
dosed mice were used to collect blood sample at each time
point (0, 0.083, 0.25, 0.5, 1, 2, 4, 8, 24 hr.). Animals were
rotated to be sampled twice each but the duration between the
two sampling times was at least 110 min. The animal was
anesthetized under Isoflurane and restrained manually.
Approximately 150 ul of whole blood at each time point is
collected (via retro-orbital puncture) into a K,-EDTA tube.
Blood samples were put on ice and processed to plasma
(4,000 g, 5 min, 4° C.) within 15 min post sampling. Plasma
samples were stored at —80° C. until analysis. An aliquot of 20
ul plasma sample was added with 20 pl of an internal standard
(Glipizide, 500 ng/ml in ACN, for extraction efficiency) to
120 pl of ACN (acetonitrile). The mixture was vortexed at
1,500 rpm for 2 min. and then centrifuged at 12,000 rpm for
5 min. Five (5) ul of the supernatant was injected into an
LC-MS/MS system (API 4000, Foster City, Calif., USA). A
Gemini-C18 column (2.0x50 mm, 5 pm) was used and the L.C
(liquid chromatography) was run at a flow rate of 0.45
ml/min. with the following program:

Time (min)
0.0 0.2 1.8 2.8 2.9 4.0
Pump A (%) 95 95 2 2 95 Stop
Pump B (%) 5.0 5.0 98 98 5.0 Stop

where Pump A was for 1 mM NH,OAc (ammonium
acetate) in water plus 0.025% FA (formic acid) whereas
Pump B for 1 mM NH,OAC in acetonitrile plus 0.025% FA.
The negative ionization process of the mass spectrometry was
operated at an APCI (Atmospheric Pressure Chemical lon-
ization) mode while the detection at a MRM (Multiple Reac-
tion Monitoring) mode. ITE was identified by recognizing an
LC retention time of 2.5 min. and two mass peaks at 285.0
(before collision) and 142.0 m/z (after collision) while the
internal standard of 2.35 min. and two mass peaks at 444.3
(before collision) and 319.3 m/z (after collision). ITE was
quantified by a standard curve generated every time by a
series of known quantities of ITE running through both the
extraction/precipitation process after mixing with mouse
plasma and the LC-MS/MS system. The WinNonlin V5.2
statistics software (Pharsight Corporation, California, USA)
was used to generate PK parameters suchas C,,,., T,,.0 T1/25
and AUC (Area under Curve) etc. using a non-compartmental
model.
Results and Discussion

Treatment with ITE at doses of 1,10, 20, and 40 mg/kg b.w.
(i.p., every 12 hr. for 28 continuous days, DMSO as vehicle,
0.5 ml/kgb.w. as injection volume) produced significant anti-
cancer activities with a clear dose-effect relationship (FIG.
1A). The TGI’s (Tumor Growth Inhibition) were calculated
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as 52%, 31%, 26%, and 22% at day 28 (n=8; p<0.048, 0.007,
0.004, and 0.004), respectively, for the dosing series. The
TGD (Tumor Growth Delays) of 3, 10, 12, and 16 days,
respectively, at a tumor size of 600 mm® were attained by the
series. ITE at 0.1 mg/kg b.w. didn’t produce a statistically
significant anticancer activity (n=8, TGI=74% at day 28,
p<0.623). Judging from the body weight changes of the
tumor-bearing mice, ITE treatment did not seem to provoke
significant toxic response (FIG. 1B).

To understand pharmacokinetic (PK) behavior of ITE and
direct further efficacy studies, ITE was administered to nude
mice in different routes and at different levels. ITE PK pro-
files are depicted in FIG. 1C. ITE in DMSO at 1 mg/kg b.w.
delivered by a bolus i.v. injection was degraded very quickly
with an estimated half-life of 6 min. An estimated AUC for the
route was 256 hr-ng/ml. ITE in DMSO administered by i.p.
injection improved its half-life while the efficiency of absorp-
tion was below 10% compared with that of i.v. injection. For
example, ITE half-life for 10, 40, and 80 mg/kg b.w. of i.p.
injection were 1.13, 1.61, and 5.17 hr., respectively, while
AUC for the series was 197, 332, 499 hr-ng/ml, respectively.
ITE in Labrasol:PEG 400 (2:8, v/v) delivered via p.o. route
had even lower absorption efficiency (around 1%) while kept
the half-life to the levels that achieved by i.p. injection. The
AUC for the dosing levels of 40 and 80 mg/kg b.w. of p.o.
injection was 107 and 97 hr-ng/ml, respectively (FIG. 1C).

Based on the results from PK studies, the schedule, dosing
level, and routes of ITE administration were further explored.
When a total daily dose was kept the same, the dosing sched-
ule of either once or twice daily for the i.p. route resulted in
comparable efficacy in inhibition of cancer growth (e.g. 80
once vs. 40 mg/kg b.w. twice daily, FIG. 1D). Further raising
ITE dose to 80 mg/kg (twice daily, i.p.) seemed to further
improve the TGI from that of 40 mg/kg (twice daily, i.p.). TGI
for 80 mg/kg (twice daily, 1.p.) were the best so far obtained,
12% at day 28 and 16% at the last day, for example. Even
though absorption efficiency of ITE via p.o. route at a dose of
80 mg/kg was much lower than that of 10 mg/kg i.p. in terms
of AUC (FIG. 1C), 80 mg/kg p.o. daily was similar to that of
40 mg/kg i.p. daily in terms of cancer growth inhibition
(TGI=46% at day 24, for example) during the first three
weeks or so. From the PK studies, ITE plasma level of 80
mg/kg p.o. was lower than that of 10 mg/kg i.p. at the initial
hours but became higher than that of 10 mg/kg i.p. and even
40 mg/kgi.p. during hour 3 to 8 post injection (FIG. 1C). That
may be the reason behind the results of p.o. injection during
the first three weeks. For the p.o. injection, its therapeutic
efficacy somehow would not hold longer than that of i.p.
injections toward and post the end of treatment (FIG. 1D).

Example 2

Materials and Methods

The culture and inoculation of human prostate cancer cell
line LNCaP were as described in Example 1. The manipula-
tion for human liver cancer cell line HepG2 (ATCC) was
similar as that for LNCaP except that DMEM (instead of
RPMI-1640) medium was used, the [-glutamine was not
used, and 2x10° cells were used for inoculation into female
nude mice. The handling of human ovarian cancer cell line
OVCAR-3 (ATCC) was the same as that of LNCaP except
that the DMEM medium was used and 5x10° cells were used
for inoculation into female nude mice. The human breast
cancer cell line MCF-7 (CL-161) is a cloned line from MCF-7
(ATCC) and the growth of its xenografts no longer needs
exogenous supply of estrogen. The culture of the MCF-7 cells
was similar as that of LNCaP except that MEM medium
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supplemented with 1 mM non-essential amino acids, 1| mM
sodium pyruvate, and 0.01 mg/ml bovine insulin was used to
replace RPMI-1640 medium. The inoculation of MCF-7 cells
was the same as that of LNCaP except that 0.1 ml of PBS with
Matrigel (1:1) and female mice were used for tumor devel-
opment.

Source of ITE is the same as that described in Example 1.
The compound ITK (Structural Formula 2), one of ITE struc-
tural analogs, was synthesized by Shanghai ChemPartner
Co., Ltd. (Shanghai, China). The lot number was: AhR-ITK-
001.

Results and Discussion

ITK (one of ITE structural analogs) was shown to be effi-
cacious at 20 mg/kg b.w. (i.p. once daily) and performed even
better than I'TE in the same regimen in human prostate cancer
(LNCaP) xenograft model (FIG. 2A). The TGI’s (Tumor
Growth Inhibition) were 51% (p<0.003, n=8) and 64%
(p<0.021, n=8) for ITK and ITE, respectively, at day 28. The
TGD’s (Tumor Growth Delay) for ITK and ITE were 16 and
8 days, respectively, at a tumor volume of 1,000 mm®.

Both ITE and ITK at 80 mg/kg (i.p. once daily) demon-
strated good efficacy in inhibiting the growth of human liver
cancer (HepG2) xenografts. The performance of ITE and ITK
was very comparable in this model (FIG. 2B). The TGI’s for
ITE and ITK were 25% (p<0.001, n=8) and 22% (p<0.001,
n=), respectively, at day 22. The TGD’s were 29 and 26 days
at a tumor volume of 800 mm? for ITE and ITK, respectively.
There was no obvious net body weight loss (data not shown)
even though there was 1 out of 8 mice in ITK group died at day
32.

Both ITE and ITK at 80 mg/kg (i.p. once daily) again
demonstrated a similar efficacy in inhibiting human ovarian
cancer (OVCAR-3) growth (FIG. 2C). The TGI’s were 47%
(p<0.002, n=8) and 46% (p<0.001, n=8) atday 33 for ITE and
ITK, respectively. The TGD’s for ITE and ITK were, respec-
tively, 10 and 13 days at a tumor volume of 800 mm>. There
was no obvious net body weight loss (data not shown). There
was again 1 out of 8 mice in ITK group died also at day 32.

ITE displayed a modest efficacy, albeit ata modest dose (20
mg/kg, i.p. once daily), in inhibiting human breast cancer
(MCF-7) growth (FIG. 2D). A TGI was calculated as 71%
(p<0.031, n=R) at day 19 for the ITE treatment. A TGD of 3
days at a tumor volume of 500 mm?® was obtained for ITE
group. Further increase in dosing levels is certainly needed to
yield a better growth inhibition and delay but the response of
MCF-7 xenografts to ITE treatment was there.

The performance of one of ITE structural analogs (ITK) in
this Example validates a huge potential of ITE analog devel-
opment based on a framework specified by the Structural
Formula 4. In addition, an analog with a thiol ester functional
group replacing the normal (oxygen) ester in the ITE struc-
ture is envisioned to be specially important given the results
of ITK (Structural Formula 2) studies. The thiol (S, sulfur)
ester so specified by the Structural Formula 3 is thus abbre-
viated as ITSE. The structural feature of both ITK and ITSE
may help fend against attacks by numerous esterases in bio-
logical systems specifically to the oxygen ester functional
group on the structure of ITE.

Example 3

Materials and Methods

Murine Lewis lung cancer cell line LLC (ATCC) was cul-
tured as described for LNCaP in Example 1 except DMEM,
instead of RPMI-1640, medium being used. Each female
C57BL/6 mice, 6 to 8 weeks of age, was inoculated with
3x10° LLC cells in 0.1 ml of PBS for tumor development. ITE
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treatment was started when a mean tumor volume reached 80
to 120 mm?. All the other materials and methodologies were
the same as that described in Example 1.

Results and Discussion

The benefit of using xenograft model is that human cancers
can be directly tested on animals. The disadvantage, however,
is that the mice have to have defects in their immune systems
so that they will not reject human cancer cells. It is obvious,
therefore, that this type of models cannot be used to test if ITE
can stimulate immune system to dramatically enhance its
therapy. A syngeneic model, mouse tumor cells inoculated to
mice with healthy immune systems, was then used. At a dose
ot 20 mg/kgb.w. (i.p. once daily), while ITE showed a growth
inhibition of the mouse lung cancer (n=8, TGI=65% at day
15,FIG. 3A), there was no indication of cancer elimination or
eradication. In fact, the tumor growth was so aggressive in
this model that the experiment had to be stopped earlier to
relieve the suffering of animals in both control and ITE
groups from heavy tumor burdens.

At a dose of 80 mg/kg b.w. (i.p. once daily), ITE signifi-
cantly improved the growth inhibition of tumors so that ITE
treated group could then be kept to the end of the experiment
without early termination (FIG. 3B) like before. The TGI at
day 20 for ITE treatment was 42% (n=8, p<0.037) and TGD
at a tumor volume of 1000 mm? was 7 days. One of the mice
in ITE group (mouse No. 33) started to shrink its tumor upon
the start of ITE treatment and kept doing so until its tumor was
no longer palpable at day 13 (FIG. 3C). The mouse kept tumor
free during the rest of the ITE treatment phase (total 28 days).
One more month was then given to the mouse after the stop of
the 28-day treatment to show possible regrowth of its tumor.
But that did not happen and the mouse kept tumor free during
the entire month of observation, suggesting the elimination of
every cancer cell by the treatment (FIG. 3C). Body weight
change monitoring indicated the mouse No. 33 and the other
mice in ITE group tolerated well to the treatment (FIG. 3D).

20 [64] With xenograft models, complete tumor elimina-
tion has never happened at a dose of 80 mg/kg b.w. (i.p. once
daily) or even at 80 mg/kg dosed (i.p.) twice a day. That may
argue for the stimulation of immune systems in mice of this
syngeneic model. Actually, results in Example 4 below may
also support this notion by showing increased counts of white
blood cells, neutrophils, lymphocytes, and platelets at high
(500 mg/kg, i.p. once daily) and mid (100 mg/kg, i.p. once
daily) but not low (20 mg/kg, i.p. once daily) dose. Cancer
eradication thus may be achieved if immune system could be
mobilized to help fighting cancers and cleaning up individual
cancer cells while cancer growth could be effectively inhib-
ited and assaulted at the same time.
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Example 4

Material and Methods

ITE nano-suspension was prepared by milling ITE powder
in water containing 1% CMC—Na (sodium carboxymethyl
cellulose), 0.5% SLS (sodium lauryl sulfate), 0.085% PVP
K90 (polyvinylpyrrolidone K90), and 0.2% Benzoate with a
Media Wet Milling Machine (Dispermat SI.-nano, WAB
Willy A. Bachofen A G, Muttenz, Switzerland) until reached
a desired size range. The particle size was determined by a
Laser Diffraction Particle Size Analyzer (MS2000, Malvern
Instruments, Worcestershire, UK). The parameters of particle
sizes were determined as D10 (diameter ot 10% of particles)=
67 nm, D50=114 nm, and D90=207 nm. The nano-suspension
thus prepared was stored at 4° C. until use.

Female C57BL/6 mice, 6 to 8 week old, were randomly
assigned to 4 dose groups (0, 20, 100, and 500 mg/kg b.w.)
each with 6 animals. ITE nano-suspension was administered
by i.p. injection once daily for 7 consecutive days. Mortality,
clinical signs, body weight, and food consumption were
recorded. Data on hematology (3 of 6 mice) and serum chem-
istry (the other 3 of 6 mice) were collected. TK (Toxicoki-
netic) parameters were determined as described in Example 1
and plasma levels of ITE at both 1 and 3 hr. post dosing on day
1, 3, and 7 were measured. A gross observation of major
organs at necropsy was conducted.

Results and Discussion

TK data confirmed the proper ITE system exposure (data
not shown). There was no mortality observed except that one
mouse in 20 mg/kg b.w. (low dose) group died without known
cause before the second day of dosing. There was no signifi-
cant body weight loss due to ITE treatments even though a
dramatic decrease in food consumption in all 3 ITE treated
groups was noticed at day 1 of the study. No abnormality was
observed from major organ inspection of all the ITE treated
groups at necropsy. Levels of ALT (alanine aminotrans-
ferase), AST (aspartate aminotransterase), and TP (total pro-
tein) of 500 mg/kg (high dose) group was raised by 3.2
(p<0.05), 1.8 (not significant), and 1.2 (p<0.05) folds, respec-
tively, over vehicle control (Table 1). BUN (blood urea nitro-
gen) of 20 mg/kg (low dose) group was raised by 1.4 folds
(p<0.05) over vehicle. Theses data, especially that of ALT,
may suggest an approaching near to the up limit of ITE
dosing. WBC (white blood cell count) was raised by 2.6
(p<0.05) and 2.0 folds (not significant) for 100 (mid) and 500
mg/kg (high) group, respectively. Others like percentage of
PLT (platelets), percentage of NEUT (neutrophils), numbers
of neutrophils (#NEUT), and numbers of lymphocytes
(#LYMPH) were increased in both 100 and 500 mg/kg groups
albeit not statistically significant (Table 1). Data in hematol-
ogy, even though more confirmatory studies need to be done,
may actually suggest the mobilization of the immune system
by ITE, thus reverberating probably to the data of cancer
eradication presented in Example 3.

TABLE 1

Partial readings on hematology and serum chemistry

Dose ALT AST BUN TP WBC PLT NEUT #NEUT #LYMPH
(mg/kg) (U/L) (U/L) (mmol/L) (g/L) (x10° cells) (x10° cells) (%) (x10%cells)  (x107 cells)
0 23.6 (6.4) 84.3 (37.9) 7.6 (1.2) 39.7(3.3) 4.22 (1.85) 539(218) 1944 0.87 (0.67) 3.09 (1.82)
20 43.2(43.7) 1181 (41.7) 10.5* (0.3) 39.5(2.7) 4.68 (0.04) 435 (295)  23.3 (no) 1.08 (no) 3.35 (no)
100 33.2(10.2) 131.6 (27.8) 7.3 (1.6) 40.8 (3.3) 10.77* (4.26) 668 (202)  46.6 (o) 3.62 (no) 3.5 (no)
500 74.5% (21.6)  151.2(37.1) 9.1 (0.3) 49.5* (1.5) 8.38 (1.32) 1075 (99) 40.5 (3.4) 3.4(0.64) 4.81(0.81)

Table 1 displays partial readings on hematology and serum chemistry, wherein the listed are group means with SD (standard deviation) inside the parentheses, and wherein the * depicts
a statistical significance (p < 0.05), and wherein the “no” means a standard deviation is not available due to sample size, and wherein ALT means alanine aminotransferase, AST aspartate
aminotransferase, TP total protein, BUN blood urea nitrogen, WBC white blood cell count, PLT platelet, NEUT neutrophils, #NEUT number of neutrophils, and #LYMPH number of

lymphocytes.
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INDUSTRIAL APPLICABILITY

The present invention can be applied to the area of cancer
intervention or eradication for human beings and other ani-
mals, especially mammals.

REFERENCE SIGNS LIST

As used herein, the term “structural analog” or simply
“analog” of ITE is defined as a compound with chemical
structure similar to that of AhR endogenous ligand ITE.

As used herein, the term “alkyl” represents a group of
hydrogen saturated one to six carbons connected in either
straight or branched fashion.

As used herein, the term “haloalkyl” represents an alkyl
substituted by one or more halogen atoms.

As used herein, the term “alkenyl” represents a group of
hydrocarbons containing two to six carbons connected in
either straight or branched fashion with at least one carbon-
to-carbon double bond.

As used herein, the term “alkynyl” represents a group of
hydrocarbons containing two to six carbons connected in
either straight or branched fashion with at least one carbon-
to-carbon triple bond.

As used herein, the term “halo” represents any of halogen
atoms (F, Cl, Br, or I).

As used herein, the term “carbonyl” represents:

e}

—_C—

As used herein, the term “alkanoyl” represents an alkyl
connected to a carbonyl group:

(€]
I

—C-alkyl ——C-haloalkyl

As used herein, the term “haloalkanoyl” represents a
haloalkyl connected to a carbonyl group:

As used herein, the term “nitrogen protective group” rep-
resents groups commonly used to protect nitrogen from
undesired chemical reactions during synthesis procedures.

As used herein, the term “amino” represents —NR_R,
where R, and R, can be independently selected from hydro-
gen, halo, formyl (—CHO), alkyl, haloalkyl, alkenyl, alky-
nyl, alkanoyl, haloalkanoyl, or a nitrogen protective group.

As used herein, the term “alkoxy” represents an alkyl con-
nected to an oxygen atom (—O-alkyl).

As used herein, the term “haloalkoxy” represents a
haloalkyl connected to an oxygen atom (—O-haloalkyl).

As used herein, the term “thioalkoxy” represents an alkyl
connected to a sulfur atom (—S-alkyl).

As used herein, the term “carbonyloxy” represents an
alkanoyl connected to an oxygen atom:

e}

——O—C-alkyl
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The invention claimed is:

1. A method of treating cancer comprising administering a
therapeutically effective amount of a structural analog of
2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid
methyl ester at a dose of between 1 mg/kg and 500 mg/kg to
a subject to treat a cancer selected from the group consisting
of'prostate, liver, lung, ovarian, and breast cancer, wherein the
structural analog of 2-(1'H-indole-3'-carbonyl)-thiazole-4-
carboxylic acid methyl ester has the formula:

Ry

Ry

wherein:
X and Y are independently selected from the group con-
sisting of O (oxygen) and S (sulfur);
Ry, R,, Ry, Ry, Ry, Ry, and R, are independently selected
from the group consisting of hydrogen and halo (F, Cl,
Br, or I); and
Rgis:

(6]
I

—C—Rypo

wherein R, is selected from the group consisting of —C,Hj
(ethyl), —NHCH, (methylamino), and —SCH; (thi-
omethoxy).

2. The method of claim 1, wherein the structural analog of
2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid
methyl ester is 1-[2-(1H-indole-3-ylcarbonyl)-1,3-thiazole-
4-yllpropan-1-one (ITK) with the formula of:

Structural Formula of ITK

CH;.

3. The method of claim 1, wherein the structural analog of
2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid
methyl ester is 2-(1'H-indole-3'-carbonyl)-thiazole-4-car-
boxylic acid methy] thioester (ITSE) with the formula of:
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Structural Formula of ITSE

4. The method of claim 1, wherein the structural analog of
2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid
methyl ester is combined with one or more pharmaceutically
acceptable carriers to assist its administration to the subject.

5.The method of claim 1, wherein the step of administering
the structural analog of 2-(1'H-indole-3'-carbonyl)-thiazole-
4-carboxylic acid methyl ester is selected from a group con-
sisting of topical, enteral, and parenteral application.

6. The method of claim 1, wherein the structural analog of
2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid
methyl ester is administered together with one or more other
cancer therapeutic agents to the subject.

7. The method of claim 1, wherein a maintenance dosing of
the structural analog of 2-(1'H-indole-3'-carbonyl)-thiazole-
4-carboxylic acid methyl ester is provided after the subject is
free of the cancer.

8. The method of claim 1, wherein the therapeutically
effective amount is 1 to 80 mg/kg.

9. The method of claim 8, wherein the therapeutically
effective amount is 10 to 40 mg/kg.

10. The method of claim 1, wherein the subject is a mam-
mal.

11. The method of claim 10, wherein the mammal is a
human.

12. The method of claim 1, wherein the subject is admin-
istered with the structural analog of 2-(1'H-indole-3'-carbo-
nyl)-thiazole-4-carboxylic acid methyl ester once or twice
daily.

13. The method of claim 1, wherein the structural analog of
2-(1'H-indole-3'-carbonyl)-thiazole-4-carboxylic acid
methyl ester is 2-(1H-indol-3-ylcarbonyl)-N-methyl-1,3,-
thiazole-4-carboxamide (ITA) with the formula of:

Structural Formula of ITA

_CH.




